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one of the signals may be sampled more often than another 
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corresponding second parallel interface on the second inte 
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SEEMINGLY MONOLITHIC INTERFACE cate a wide variety of asynchronous status or control signals 
BETWEEN SEPARATE INTEGRATED through a monolithic parallel interface . Yet when a mono 

CIRCUIT DIE lithic integrated circuit device is separated into different 
integrated circuit die , however , there may be fewer wires 

CROSS - REFERENCE 5 available to interconnect these components . Accordingly , it 
may be infeasible or impossible to connect each asynchro 

U . S . patent application Ser . No . 15 / 392 , 225 , filed Dec . 28 , nous signal across a unique interconnect wire as may be 
2016 entitled , “ Interface Bridge Between Integrated Circuit done using a monolithic interface . 
Die , ” is incorporated by reference in its entirety . 

SUMMARY 
BACKGROUND 

A summary of certain embodiments disclosed herein is set This disclosure relates to an interface bridge between two forth below . It should be understood that these aspects are separate integrated circuit die that may appear to operate as presented merely to provide the reader with a brief summary a monolithic interface by sending asynchronous signals 15 
synchronously based on latency specifications of the signals . of these certain embodiments and that these aspects are not 

This section is intended to introduce the reader to various intended to limit the scope of this disclosure . Indeed , this 
aspects of art that may be related to various aspects of the disclosure may encompass a variety of aspects that may not 
present disclosure , which are described and / or claimed be set forth below . 
below . This discussion is believed to be helpful in providing 20 A seemingly monolithic interface may be provided 
the reader with background information to facilitate a better between separate integrated circuit die . The seemingly 
understanding of the various aspects of the present disclo - monolithic interface may operate , from the perspective of 
sure . Accordingly , it may be understood that these state the separate integrated circuit die , as if the interface were 
ments are to be read in this light , and not as admissions of monolithic . In fact , however , the signals of the seemingly 
prior art . 25 monolithic interface may be communicated between the 

Integrated circuit devices are used in numerous electronic separate die via serial and / or synchronous communication . 
systems . Computers , handheld devices , portable phones , By sampling different signals according to latency specifi 
televisions , industrial control systems , robotics , and tele - cations of the signals , even signals that appear to be asyn 
communication networking — to name just a few — all use chronous or parallel may be communicated synchronously . 
integrated circuit devices . Integrated circuit devices may be 30 In one example , signals may be stored in a first parallel 
formed using lithography techniques that pattern circuitry interface on a first integrated circuit die . These signals may 
onto a substrate wafer that is diced to form a number of be sampled in a way that preserves the appearance of 
( generally identical ) individual integrated circuit die . Each asynchronicity of the signals . In some cases , this may 
integrated circuit die may include many different compo - involve sampling at least one of the signals more often than 
nents , such as programmable logic fabric , digital or analog 35 another one of the signals . A serial signal may be generated 
signal transmission circuitry , digital signal processing cir - based on the sampled signals . The serial signal may be 
cuitry , application - specific data processing circuitry , transmitted synchronously and / or serially to a corresponding 
memory , and so forth . In general , different components may second parallel interface on the second integrated circuit die . 
be based on different underlying technologies . Thus , differ - Various refinements of the features noted above may be 
ent components of an integrated circuit device may be better 40 made in relation to various aspects of the present disclosure . 
suited to different development cycles or fabrication tech - Further features may also be incorporated in these various 
niques . For example , programmable logic fabric such as aspects as well . These refinements and additional features 
field programmable gate array ( FPGA ) fabric may scale well may be made individually or in any combination . For 
to smaller sizes and thus may benefit from greatly by newer instance , various features discussed below in relation to one 
lithography techniques . On the other hand , other technolo - 45 or more of the illustrated embodiments may be incorporated 
gies , such as certain analog signal transmission circuitry , into any of the above - described aspects of the present 
may not scale as well and may be better suited for older invention alone or in any combination . Again , the brief 
fabrication techniques . summary presented above is intended only to familiarize the 

To enable different components of an integrated circuit reader with certain aspects and contexts of embodiments of 
device to be developed more independently , some of the 50 the present disclosure without limitation to the claimed 
components may be moved off - chip . Instead of a single subject matter . 
monolithic design , a first integrated circuit die with some of 
the components may be fabricated separately from a second BRIEF DESCRIPTION OF THE DRAWINGS 
integrated circuit die with other components . As such , the 
various separate integrated circuit die may be fabricated 55 Various aspects of this disclosure may be better under 
using different lithography techniques or generations , and stood upon reading the following detailed description and 
may be developed according to different schedules . Yet upon reference to the drawings in which : 
separating the components onto separate die may come at a FIG . 1 is a schematic block diagram of a multi - die 
cost . Namely , it may be difficult or impossible to use the integrated circuit system that uses an interface bridge that 
same number of wires between the separate first integrated 60 appears monolithic from the perspective of the separate die , 
circuit die and the second integrated circuit die as may be in accordance with an embodiment ; 
found in a monolithic interface . FIG . 2 is a schematic cross - sectional view of a portion of 
Many integrated circuit devices may communicate a large the integrated circuit device system of FIG . 1 , in accordance 

number of asynchronous signals over a monolithic interface with an embodiment ; 
with another internal component of the same integrated 65 FIG . 3 is a block diagram illustrating logical layers of the 
circuit . For example , a transceiver component that is con - circuitry of the integrated circuit device system of FIG . 1 , in 
nected to programmable logic device fabric may communi - accordance with an embodiment ; 
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FIG . 4 is a block diagram representing how the interface signals between each other in an efficient matter . A 3D 
bridge may appear to be monolithic from the perspective of interconnection involves stacking integrated circuit die on 
the integrated circuit die , in accordance with an embodi - top of each other , while a 2 . 5D interconnection involves 
ment ; connecting integrated circuit die through some form of 

FIG . 5 is a block diagram of a serialized status interface 5 bridge , such as a silicon interposer , a bridge structure 
of the interface bridge that may appear to be a monolithic disposed in a substrate ( e . g . , an Embedded Multi - die Inter 
parallel status interface from the perspective of the inte connect Bridge ( EMIB ) by Intel Corporation ) , or a direct 
grated circuit die , in accordance with an embodiment ; connection from one die to the other . In either a 3D or 2 . 5D 

FIG . 6 is a block diagram illustrating a source - synchro arrangement , the number of connections available between 
nous data transfer mode of operating the serialized status 10 the die may be fewer than would be available if the multiple 
interface of FIG . 5 , in accordance with an embodiment ; die were instead part of a single monolithic integrated circuit 

FIG . 7 is a block diagram of circuitry that uses time die . Yet there are many reasons to separate the integrated 
division multiplexing ( TDM ) to transmit latency - sensitive circuit die . In particular , some technologies , such as analog 
asynchronous status or control signals , in accordance with technologies used in high - speed transceivers , may not scale 
an embodiment ; 15 as easily to newer lithography techniques as other circuitry , 

FIG . 8 is a block diagram of circuitry that uses time such as programmable fabric of a programmable logic 
division multiplexing ( TDM ) to receive latency - sensitive device ( PLD ) , such as field programmable gate array 
asynchronous status or control signals , in accordance with ( FPGA ) fabric . When different die are separated , however , 
an embodiment ; the once - monolithic communication between them may be 

FIG . 9 is a flowchart of a method for sending asynchro - 20 replaced with an efficient interface bridge communication 
nous signals via the serialized status interface , in accordance system , such as the systems described in this disclosure . 
with an embodiment ; Efficient communication between integrated circuit die 

FIG . 10 is a flowchart of a method for receiving asyn may be obtained between different integrated circuit die that 
chronous status signals via the serialized status interface , in are separate , rather than part of a single , monolithic inte 
accordance with an embodiment ; 25 grated circuit device . In some cases , it may be desirable to 

FIG . 11 is a block diagram of an example of transmitting maintain communication between the integrated circuit die 
a asynchronous status signals , in which latency - sensitive as if they were connected in a monolithic solution . That is , 
status signals are sampled more often than latency - insensi from the perspective of each separate integrated circuit die , 
tive status signals , in accordance with an embodiment ; it may be advantageous to appear to be monolithically 

FIG . 12 is a block diagram of another example of a 30 connected in one larger integrated circuit die . 
serialized status interface , in accordance with an embodi In a particular example involving programmable logic 
ment ; device ( PLD ) fabric , such as FPGA fabric , there may be a 

FIG . 13 is a flowchart of a method for capturing status potentially wide variety of secondary integrated circuit die 
signal glitches , in accordance with an embodiment ; that may be connected to a first , main FPGA integrated 

FIG . 14 is a policy - level block diagram of circuitry that 35 circuit die . These secondary integrated circuit die may 
can catch glitches in accordance with the flowchart of FIG . include a transceiver , digital processing circuitry , a central 
13 , in accordance with an embodiment ; processing unit ( CPU ) subsystem , parallel input / output ( I / O ) 

FIG . 15 is a block diagram showing source - synchronous off loading , digital signal processing ( DSP ) arrays , and the 
transfer of a data bus carrying transceiver data signals , in like . In addition , programmable logic fabric may be capable 
accordance with an embodiment ; 40 of being configured using a set of programming instructions 

FIG . 16 is a block diagram of a flowchart for ensuring that ( a configuration bitstream ) received from an external source , 
a data bus is latched only when stable , in accordance with an such as a network or memory device . Thus , the interface 
embodiment ; and bridge of this disclosure may appear to operate from the 

FIG . 17 is a policy - level block diagram of circuitry that perspective of the user in the same way as previously 
may carry out the method of the flowchart of FIG . 16 , in 45 available monolithic solutions . 
accordance with an embodiment . With this in mind , systems and methods for providing an 

interface bridge between two integrated circuit die are 
DETAILED DESCRIPTION OF SPECIFIC provided . In particular , in at least some examples , one of the 

EMBODIMENTS integrated circuit die may include programmable logic fab 
50 ric , such as FPGA fabric . The interface bridge may provide 

One or more specific embodiments will be described efficient , compact interconnection between the different die . 
below . In an effort to provide a concise description of these The interface bridge may use a source - synchronous connec 
embodiments , not all features of an actual implementation tion to eliminate problems of synchronous crossing across 
are described in the specification . It may be appreciated that the interface bridge , using adaptive logic in the base die to 
in the development of any such actual implementation , as in 55 make return signals appear to be synchronous . Moreover , the 
any engineering or design project , numerous implementa interface bridge may operate as a layered protocol . That is , 
tion - specific decisions must be made to achieve the devel - the interface bridge may use a hardened physical input / 
opers ' specific goals , such as compliance with system - output ( 1 / 0 ) layer that operates under the control of a 
related and business - related constraints , which may vary higher - level protocol layer that may be formed from hard 
from one implementation to another . Moreover , it may be 60 ened or soft logic . As mentioned above , the interface bridge 
appreciated that such a development effort might be com - may enable a variety of different integrated circuit die to be 
plex and time consuming , but would nevertheless be a interconnected , such as a transceiver , a circuitry for digital 
routine undertaking of design , fabrication , and manufacture protocol processing , a CPU subsystem , parallel 1 / 0 off 
for those of ordinary skill having the benefit of this disclo - loading , and other data processing offloading , such as DSP 
sure . 65 arrays or graphics processing unit ( GPU ) processors . 

A multi - chip system may be represented as a 3D or 2 . 5D Monolithic circuit designs often include wide , parallel 
system of separate integrated circuit die that communicate interfaces between circuit components that communication 
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asynchronous signals between the components . For While the examples provided below may refer to the first 
example , a monolithic programmable logic device may IC die 12 as a programmable logic device and refer to the 
communicate with a transceiver component through a par - secondary IC die 14 as high - speed transceivers , other types 
allel status interface that may store hundreds of asynchro - of integrated circuit devices may benefit from this disclo 
nous status or operational control signals . These asynchro - 5 sure . These may include digital processing circuitry , a cen 
nous status or control signals relate to the operation of the tral processing unit ( CPU ) subsystem , parallel input / output 
transceiver or the programmable logic fabric , or both . As ( I / O ) off loading , digital signal processing ( DSP ) arrays , and 
mentioned above , however , it may desirable to separate the like . 

The first IC die 12 may connect to the secondary IC die certain components from the monolithic design into different 
integrated circuit die . When this is done , however , it may 10 14 through physical chip - to - chip interconnects of the silicon 

bridge 16 via a logical interface bridge ( IB ) 18 that controls also be desirable to preserve the appearance from the per the way signals are sent and received . That is , as used herein , spective of each separate integrated circuit die of the same the interface bridge 18 represents a logical connection parallel status interface that communicates asynchronous between the first IC die 12 and the secondary IC die 14 . The 
signals between the components in the monolithic design . 15 interface bridge 18 handles signal transfer between physical 
As such , this disclosure teaches , among other things , an chip - to - chip interconnects of the silicon bridge 16 . 

interface bridge between two separate integrated circuit die The interface bridge 18 may allow a configuration net 
that preserves the appearance of asynchronicity for the work on chip ( CNOC ) 20 interface to extend between the 
asynchronous signals while communicating the signals syn first IC die 12 to the secondary IC die 14 . The CNOC 20 
chronously and / or serially between the two integrated circuit 20 allows configuration signals from the secondary IC die 14 to 
die . In one example , asynchronous or seemingly asynchro enter the first IC die 12 to be used to program programmable 
nous status or control signals may be provided to a parallel logic fabric of the first IC die 12 . Even so , it should be 
interface . The asynchronous status or control signals may be understood that other types of integrated circuit die may be 
sampled at a variable frequency depending upon a latency used that use other aspects of the interface bridge 18 , but 
sensitivity of each signal . Thus , for example , highly latency - 25 which do not provide the CNOC 20 because the first IC die 
sensitive signals from one integrated circuit die that are 12 may not include the programmable logic fabric in all 
desired to be detected relatively more rapidly on the other embodiments . Still , the interface bridge 18 may be particu 
integrated circuit die may be sampled and transmitted at a larly useful when the first IC die 12 contains programmable 
higher frequency by less latency - sensitive signals . By way logic fabric , such as FPGA fabric . 
of example , a more highly latency - sensitive status or control 30 FIG . 2 shows a schematic cross - sectional view of the IC 
signal may be sampled and transmitted once every 20 time system 10 along cut lines 2 - 2 of FIG . 1 . As may be seen in 
slots of a synchronous transmission , while a less latency - FIG . 2 , the silicon bridge 16 may be an interposer ( as shown ) 
sensitive status or control signal may be sampled and or may be any other suitable silicon bridge ( e . g . , an inter 
transmitted once every 100 time slots . Additionally or alter connect bridge such as an Embedded Multi - die Interconnect 
natively , the asynchronous signals may be grouped by 35 Bridge ( EMIB ) by Intel Corporation ) disposed on substrate . 
latency sensitivity and transmitted over separate communi - In other examples , the first IC die 12 and the secondary IC 
cation wires between the integrated circuit die . By way of die 14 may be directly connected to one another through a 
example , there may be 10 especially highly latency - sensitive form of stacking . In the example shown in FIG . 2 , the silicon 
signals and 90 less latency - sensitive signals . The 10 espe - bridge 16 represents an interposer that uses a ball grid array 
cially highly latency - sensitive signals may be sampled and 40 ( BGA ) of solder balls 30 , which may electrically connect to 
transmitted serially over a first wire and the 90 less latency - other circuitry , such as a printed circuit board ( PCB ) ( not 
sensitive signals may be sampled and transmitted serially shown ) . The physical interconnection between the first IC 
over a second wire . Because the there are fewer signals die 12 and the secondary IC die 14 occurs through corre 
transmitted over the second wire , the 10 especially highly sponding respective interconnect points 32 ( here , taking the 
latency - sensitive signals may be sampled and transmitted 45 form of microbumps ) , which couple to each other through 
nine times more often than the 90 less latency - sensitive chip - to - chip interconnects 34 within the silicon bridge 16 . 
signal . It should be understood that these examples have It should be understood that FIG . 2 represents a 2 . 5D 
been provided for guidance only , and that an actual imple - arrangement that uses a silicon bridge 16 to connect the first 
mentation may involve any suitable number of signals . IC die 12 and the secondary IC die 14 . In other embodi 

With this in mind , an example integrated circuit ( IC ) 50 ments , the first IC die 12 and the secondary IC die 14 may 
system 10 includes a first integrated circuit ( IC ) die 12 be connected in a 3D arrangement , in which case the 
connected to any suitable number of secondary integrated interconnect points 32 may directly connect to the other IC . 
circuit ( IC ) die 14 . The first IC die 12 and the secondary IC For instance , the secondary IC die 14 may be stacked on top 
die 14 may be connected through any suitable conductive of the first IC die 12 and the interconnect points 32 may 
bridge , such as a silicon bridge 16 or a bridge structure 55 directly connect to corresponding interconnect structures on 
disposed in a substrate ( e . g . , an Embedded Multi - die Inter - the first IC die 12 . 
connect Bridge ( EMIB ) by Intel Corporation ) or a direct In either a 2 . 5D or 3D arrangement , the first IC die 12 and 
connection between the first IC die 12 and the secondary IC the secondary IC die 14 may communicate through a rela 
die 14 . The first IC die 12 and the secondary IC die 14 may tively limited number of physical connections in relation to 
be any suitable integrated circuit devices . In one example , 60 the number of connections that might be possible in a 
the first IC die 12 is an integrated circuit device that includes monolithic interface ( i . e . , if the first IC die 12 and the 
programmable logic fabric and the secondary IC die 14 are secondary IC die 14 were patterned onto a single monolithic 
high - speed transceivers . The IC system 10 may benefit from integrated circuit die ) . To account for the limited number of 
the separateness of the first IC die 12 and secondary IC die physical connections between the first IC die 12 and the 
14 because the underlying technologies of these die may be 65 secondary IC die 14 , the interface bridge 18 may efficiently 
different . As such , they may be developed in a more modu - communicate a variety of types of signals over the limited 
larized way that is appropriate to the technology of each die . number of connections . 



US 10 , 439 , 639 B2 

die 12 

In support of this , the interface bridge 18 may be logically When the first IC die 12 includes programmable logic 
divided into several logical layers , as shown by a layer fabric , as shown by the FPGA fabric layer 60 , the IB 
diagram 50 of FIG . 3 . In particular , the layer diagram 50 protocol layer 58A may include configuration ( CONFIG ) 
shows different logical layers 52 of the first IC die 12 and logic 68 . This may include , for example , a firewall or other 
logical layers 54 of the secondary IC die 14 when the 5 configuration signal processing logic to ensure that configu 
secondary IC die 14 . The particular example of FIG . 3 ration data received via the interface bridge 18 is only given 
illustrates logical layers that may be present when the access to secure portions of the FPGA fabric layer 60 when 
secondary IC die 14 includes high speed serial interface this is authorized . In one embodiment , the CONFIG logic 68 

represents a dedicated path to a secure device manager ( HSSI ) transceiver circuitry and the first IC die 12 includes 10 ( SDM ) that firewalls access to secure areas of the FPGA field programmable gate array ( FPGA ) fabric . The interface 1 fabric layer 60 ( as shown in FIG . 14 and discussed further bridge 18 may be understood logically as formed by a below ) . Because the secondary IC die 14 may allow con physical input / output ( I / O ) layer 56A and a higher - level IB figuration signals to be sent via the HSSI analog layer 66 , the protocol layer 58A on the first IC die 12 , and a correspond digital protocol layer 64 , and / or the PCI express layer 62 , 
ing physical 1 / 0 layer 56B and higher - level IB protocol layer 15 these lavers and the IB protocol laver 58B may include 
58B on the side of the secondary IC die 14 . The physical I / O configuration logic 70 . The configuration logic 70 may 
layers 56A and 56B are physically connected to one another enable configuration signals to be received and sent to the 
via the chip - to - chip interconnects 34 . FPGA fabric layer 60 to the IC die 12 . 

The IB I / O layers 56A and 56B represent physical layers As noted above , two separate integrated circuit die may 
that transmit signals to , or receive signals from a corre - 20 have separate circuit components . In prior monolithic 
sponding interconnect point over the chip - to - chip intercon designs where these separate components were combined in 
nects 34 . The physical IB I / O layers 56A thus may include a single integrated circuit , these components would have 
circuitry to drive signals over the chip - to - chip interconnects communicated through internal monolithic interfaces 
34 and / or receive signals from the chip - to - chip interconnects between the components . In some cases , these monolithic 
34 . Generally speaking , the physical IB / O layers 56A and 25 interfaces may communicate asynchronous signals . When 
56B may be implemented through hardened logic circuitry . the separate components of the integrated circuit die are 
In some embodiments , however , the physical I / O layers 56A separated onto two different integrated circuit die , such as 
and / or 56B may be at least partially formed through pro the first IC 12 and the secondary IC 14 , it may be useful to 
grammable fabric that has been configured to operate as the maintain the same type of monolithic - style communication 
physical IB I / O layer . 30 despite the separation of the first IC 12 and the secondary IC 

The higher - level IB protocol layers 58A and 58B repre - 14 . This may provide a well - known and consistent look 
sent logical layers that operate on top of the physical and - feel of the communication between the circuitry of the 
operation of the physical IB I / O layers 56A and 56B , integrated circuit of the first IC 12 and the secondary IC 14 . 
respectively , to make the communication that takes place That is , from the perspective of the first IC 12 , the circuitry 
over the interface bridge 18 as seamless as possible . That is , 35 of the secondary IC 14 may appear to be accessible through 
when higher - level communication interacts with the inter - an asynchronous monolithic interface , even though the 
face bridge 18 , the higher - level communication may not actual communication between them may be synchronous 
" see ” the operation of the IB protocol layers 584 and 58B and / or serial . Likewise , from the perspective of the second 
or the physical signal transmissions that occur in the physi - ary IC 14 , the circuitry of the first IC 12 may appear to be 
cal IB I / O layers 56A and 56B . The IB 18 may appear to be 40 accessible through the familiar asynchronous monolithic 
invisible ( e . g . , a “ black box ” ) from the perspective of interface , even though the actual communication between 
higher - level layers . them may be synchronous and / or serial . 
Some of the higher - level logical layers may include , on FIG . 4 is a block diagram of such a seemingly monolithic 

the first IC die 12 , an FPGA fabric layer 60 . The FPGA interface 80 as seen from the perspective of interior circuitry 
fabric layer 60 may communicate any suitable logical con - 45 82 ( in the secondary IC 14 ) and from the perspective of 
trols over the interface bridge 18 as if the FPGA fabric 60 interior circuitry 84 ( in the first IC 12 ) . As shown in FIG . 4 , 
were monolithically connected to the secondary IC die 14 . the seemingly monolithic interface 80 appears to allow the 
For instance , the FPGA fabric 60 may operate using asyn - secondary IC circuitry 82 and the first IC circuitry 84 to 
chronous status or control signals that may be received from communicate asynchronously with one another via a seem 
the secondary IC die 14 via a source - synchronous connec - 50 ingly monolithic parallel status interface 86 . The parallel 
tion over the IB 14 . status interface 86 includes a number of registers 88 that 

The secondary IC die 14 may also include higher - level hold asynchronous status or control signals 90 . Here , the 
logical layers such as a PCI express layer 62 , a digital parallel status interface 86 holds N + 1 status or control 
protocol layer 64 , and / or an HSSI analog layer 66 . These signals 90 , labeled 0 , 1 , 2 , 3 , . . . , N . The parallel status 
may be understood to represent various functions or opera - 55 interface 86 may appear to hold any suitable number of 
tions that the secondary IC die 14 may be capable of status or control signals 90 , or other types of asynchronous 
performing . In the particular example of FIG . 3 , these or parallel signals , as may be carried by an actual monolithic 
functions represent operational capabilities of an HSSI interface that would be found between two circuit compo 
transceiver . However , other functions may take the place of nents in a monolithic design . In actuality , as discussed 
these logical layers when the secondary IC die 14 includes 60 further below , the seemingly monolithic parallel status inter 
other circuitry , such as memory circuitry . For example , when face 86 is carried out using synchronous and / or serial 
the secondary IC die 14 includes memory , the other logical communication that samples and transmits the status or 
layers beyond the interface bridge 18 layers 56B and 58B control signals 90 according to a latency specification of 
may include random access memory ( RAM ) functions . these signals . This thereby preserves an apparently asyn 
When the IC die 14 includes a central processing unit 65 chronous behavior of the status or control signals 90 , despite 
( CPU ) , the higher - level logical layers may include CPU transmitting the status or control signals 90 are synchro 
data - processing functions . nously and / or serially . 
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Thus , it should be appreciated that the seemingly mono IC 14 ) , the IB I / O layer 56A or the IB protocol layer 58A on 
lithic interface 80 shown in FIG . 4 is meant to be a schematic the first IC 12 will use the receive data clock to receive and 
representation of the logical appearance of the communica transmit the status or control signals along with the receive 
tion interface between the second IC interior circuitry 82 and data clock . That is , the IB I / O layer 56A or the IB protocol 
the first IC interior circuitry 84 from the perspective of these 5 layer 58 A may receive the receive data clock from the IB I / O 
components . In one example , the first IC interior circuitry 84 layer 56B or the IB protocol layer 58B of the secondary IC 
may include programmable logic device fabric and support - 14 and use that clock to both recover the status signals sent 
ing circuitry for the programmable logic device fabric ( e . g . , by the secondary IC , as well as to send status signals to the 
the first IC interior circuitry 84 may include field program secondary IC 14 . From the perspective of the secondary IC 
mable gate array ( FPGA ) fabric and circuitry to support it ) . 10 14 , the data receive clock used in communication with the 
The secondary IC interior circuitry 82 may include a trans - first IC 12 is based on its own clock . 
ceiver , such as a high speed serial interface ( HSSI ) trans Using this source - synchronous serial communication , the 
ceiver . In such an example , the seemingly monolithic inter - IB 18 may communicate the status or control signals 90 of 
face 80 may allow the secondary IC interior circuitry 82 to the parallel status interfaces 86A or 86B to and from one 
communicate status or control signals 90 such as power on 15 another using serial communication , while preserving the 
reset ( POR ) , phased locked loop ( PLL ) lock , first - in - first - out appearance of asynchronicity of the status or control signals 
( FIFO ) underflow , and so forth , in a way that is comparable 90 . An example by which the circuitry of the secondary IC 
to a monolithic interface in a monolithic design . 14 may transmit the status or control signals 90 to the 

The total number of status or controls signals 90 that may circuitry of the first IC 12 is described in FIGS . 7 - 10 , but it 
be communicated using the seemingly monolithic interface 20 should be understood that similar circuitry may be employed 
80 may be much greater than the available individual to send the status or control signals 90 from the first IC 12 
chip - to - chip interconnects 34 . As a result , the IB 18 of the to the secondary IC 14 . 
integrated circuit 10 may preserve the logical appearance of FIG . 7 illustrates a transmission side 100 of a serialized 
the seemingly monolithic interface 80 shown in FIG . 4 by status interface that may be used to carry out the seemingly 
sampling the asynchronous signals according to particular 25 monolithic interface 80 of FIG . 4 . It should be appreciated 
priorities and transmitting the asynchronous data and control that the circuitry of FIG . 7 is intended to be a schematic 
signals 90 on the bases of priority , thereby preserving the representation of the type of circuitry that may be employed 
appearance of asynchronicity of the signals . to perform the methods of this disclosure , and that there may 
An example of circuitry that may implement the seem be more or fewer components , as desired , than shown in 

ingly monolithic interface 80 is shown in FIG . 5 . In this 30 FIG . 7 . In the example of FIG . 7 , a time division multiplexer 
example , the first IC interior circuitry 84 may interface with 102 is controlled to select certain of the status or control 
a first parallel status interface 86A on the side of the first IC signals 90 , one at a time , by round - robin control logic 104 , 
12 . For example , the first IC interior circuitry 84 may read which receives a serial load signal 106 from a serial trans 
or write the status or control signals 90 into respective mitter 108 , thereby generating a selection signal 110 . The 
registers 88 of a local parallel status interface 86A that is 35 round - robin control logic 104 may be implemented as hard 
disposed on the first IC 12 . There may be a corresponding or soft logic that carries out a selection order of the status or 
local second parallel status 86B disposed on the secondary control signals 90 . The selection order may be agreed upon 
IC 14 , from which the second IC interior circuitry 82 may with similar receiving circuitry located on the other inte 
read or write the status or control signals 90 into respective grated circuit die . The agreed - upon selection order may be 
registers 88 . The IB I / O layers 56A and 56B and / or the IB 40 fixed or may be dynamic depending on an operation of the 
protocol layers 58A or 58B may sample the asynchronous first IC die 12 or secondary IC die 14 . 
status or control signals 90 from the first parallel status The round - robin control logic 104 may also generate a 
interface 86A or second parallel status interface 86B accord control signal 112 to cause an invert mask 114 to selectively 
ing to the priority of the status or control signals 90 — such invert the status or control signal 90 that has been selected 
as the sensitivity of each status or control signal 90 to 45 by the round - robin control logic 104 . In general , the round 
latency - and send the status or control signals 90 through a robin control logic 104 may use the control signal 112 to 
fewer number of channels of the chip - to - chip interconnects cause the invert mask 114 to invert certain status or control 
34 than would be used by a monolithic interface . For signals 90 that are normally expected to be at a logically 
instance , there may be one hundred or more status or control high ( “ 1 ” ) state . Thus , when all of the status or control 
signals 90 that are updated to or from one parallel status 50 signals 90 are in an expected or most likely state , the 
interface 86A or 86B to the other parallel status interface resulting output of the invert mask 114 will be only logically 
86B or 86A through only one or a few channels of the low ( “ O ” ) signals that may consume less power to transmit . 
chip - to - chip interconnects 34 . This may allow the serial transmitter 108 to send a set of low 
As shown in FIG . 6 , in one example , the communication signals in a serial data frame 116 . 

channels between the first IC 12 and the secondary IC 14 55 The serial data frame 116 may include some number of 
may operate using source - synchronous communication . individual time slots 118 representing the individual status 
That is , the secondary IC 14 may use a different clock ( e . g . , or control signals 90 . In the example of FIG . 7 , the serial 
CLOCK 1 ) than a clock used by the first IC 12 ( e . g . , CLOCK data frame 116 carries a total number M of the status or 
2 ) . From the perspective of the secondary IC 14 , however , control signals 90 . A first time slot 118 of the serial data 
the source synchronicity of the communication between the 60 frame 116 may be a flag bit or bits ( “ F ” ) . The serial 
first IC 12 and the secondary IC 14 involves basing the transmitter 108 may generate the flag bit or bits “ F ” as one 
receive data clock used by the IB 18 on the clock from the bit or as multiple bits , which may be the first bit or the first 
secondary IC 14 ( e . g . , CLOCK signal from the secondary IC several bits of the serial data frame 116 , and which may 
14 ) . In other examples , the receive data clock used by the IB indicate whether all or a subset of the remaining M time slots 
18 may be based on the clock ( e . g . , CLOCK 2 ) of the first 65 118 from 1 to M + 1 contain logical zeros . As will be 
IC 12 instead . When the secondary IC 14 provides the discussed below , this may allow the receiving circuitry to 
receive data clock ( e . g . , CLOCK signal from the secondary read the flag bit or bits “ F ” and determine whether to read 
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any other time slots 118 of the serial data frame 116 that In addition , the status or control signals may be serialized 
follow , further saving power when the status or control into serial data frames 116 that have an initial flag bit or bits 
signals 90 are all logically low . This may save a substantial “ F ” indicating whether any of the signals of subsequent time 
amount of power on both the transmitting and receiving side slots 118 of the serial data frame 116 deviate from zero 
of the IB 18 . The serial transmitter 108 may also send a 5 ( block 166 ) . The serial data frame ( s ) 116 may be serially 
receive data clock ( CLOCK ) 120 with the serial data frame transmitted to the receiving integrated circuit die ( block 
116 . 168 ) . 

The serial data frame 116 and the clock signal 120 are A flowchart 180 of FIG . 10 represents a method for 
transmitted over the chip - to - chip interconnects 34 to a receiving a serial signal containing status or control signals 
receiving side 140 of the serialized status interface , as shown 10 90 . Namely , the receiving integrated circuit die ( e . g . , the first 

IC 12 ) may receive the serial data frame 116 from the other in FIG . 8 . The receiving side 140 may receive , demultiplex , IC ( e . g . , the secondary IC 14 ) ( block 182 ) . When the flag bit and store the status or control signals 90 into the parallel or bits “ F ” is set , the serial frame 116 may be read ; status interface 86A of the receiving integrated circuit die otherwise , the remaining time slots 118 of the serial data ( e . g . , the first IC 12 ) . As mentioned above with reference to 15 frame 116 may not be read and a signal of all zeros may transmission side 100 shown in FIG . 7 , the circuitry of FIG . inferred . The serial receiver 142 thus may receive the status 
8 is intended to be a schematic representation of the type of or control signals 90 that were transmitted in the serial data 
circuitry that may be employed to perform the methods of frame ( block 184 ) . An invert mask ( e . g . , the invert mask 
this disclosure , and that there may be more or fewer com - 150 ) may be applied to the received data signals that are 
ponents , as desired , than shown in FIG . 8 . 20 expected normally to be one ( block 186 ) . It should be 

In FIG . 8 , the serial data frame 116 with the individual appreciated that the invert mask may be applied according to 
time slots 118 of the status or control signals 90 that have a previously agreed upon selection order . The now - recon 
been serialized by the serialized status interface transmission stituted status or control signals 90 may be stored into the 
circuitry 100 may be received by a serial receiver 142 . The local parallel status interface ( e . g . , the parallel status inter 
serial receiver 142 also receives the data receive clock 120 . 25 face 86A ) of the receiving integrated circuit die ( e . g . , the IC 
The serial receiver 142 may read the flag bit “ F ” and 12 ) ( block 188 ) . This may preserve the appearance of 
determine whether to continue reading the remainder of the asynchronicity of the asynchronous status or control signals 
serial data frame 116 . The serial receiver 142 generates a 90 while communicating them through serialized commu 
register read signal 144 to the round - robin control logic 146 nication between the two separate IC dies ( e . g . , between the 
that is used to demultiplex serial data from the serial data 30 first IC 12 and the secondary IC 14 ) . 
frame 116 . The round - robin control logic 146 thus generates A schematic example of sampling order for the serialized 
a control signal to an invert mask 150 that reverses the status interface transmission appears as a block diagram 200 
inversion of the invert mask 114 based on the agreed - upon of FIG . 11 . The example of FIG . 11 includes only five status 
selection order of the status or control signals 90 . The or control signals 90 . In practice , however , it should be 
round - robin control logic 146 also generates a selection 35 understood that any suitable number of status or control 
signal 152 for one or more demultiplexers 154 to demulti - signals , or any other form of asynchronous signal that be 
plex the received serialized status or control signals 90 for desired to be communicated , may be used in an actual 
storage in the parallel status interface 86A . implementation . As shown in FIG . 11 , a serial data frame 

FIGS . 9 and 10 are flowcharts of methods for carrying out 116 may include some number of separate time slots to , ti , 
the time division multiplexing of the asynchronous signals 40 t , . . . , tuur . In FIG . 11 , the status or control signals 90 that 
from the parallel status interface 86B to 86A . In particular , are labeled “ STATUS SIGNAL 0 ” and “ STATUS SIGNAL 
FIG . 9 describes the transmission of the asynchronous status 1 " are more latency - sensitive than the remaining status or 
or control signals 90 over a serial connection , and FIG . 10 control signals 90 . This may be the case , for example , for 
describes the reception of the serialized status or control signals such as a reset signal or FIFO underflow signal . 
signals 90 . In particular , a flowchart 160 of FIG . 9 begins 45 Indeed , some latency - sensitive signals may have a latency 
when asynchronous signals , such as the status or control sensitivity on the order of a few nanoseconds to 500 ms . 
signals 90 of the parallel status interface 86B , are sampled Thus , the status or control signals 90 that are labeled 
in a round - robin manner ( block 162 ) . Any suitable circuitry “ STATUS SIGNAL 0 ” and “ STATUS SIGNAL 1 ” may be 
may be used to do this , including the circuitry described sampled at a higher frequency to ensure that they are 
above with reference to FIG . 7 . Certain of the status or 50 updated more quickly . The remaining signals may be 
control signals 90 may change more often or may have a sampled less frequently . 
greater impact on the operation of the first IC 12 . As such , Moreover , while FIG . 11 shows the status or control 
these higher - priority status or control signals 90 may be signals 90 labeled “ STATUS SIGNAL 0 ” and “ STATUS 
sampled at a higher frequency . For example , a higher SIGNAL 1 " as being sampled more quickly within the same 
priority status or control signal 90 may be sampled once 55 serial data frame 116 , it should be appreciated that this may 
every 20 time slots 118 of the serial data frames 116 , while be done across multiple serial data frames 116 . For example , 
lower - priority signals may be sampled once every 100 time the more latency - sensitive status or control signals 90 
slots 118 . The order in which the status of control signals 90 labeled “ STATUS SIGNAL O ” and “ STATUS SIGNAL 1 ” 
are sampled in may also vary depending on whether these may be sampled for every serial data frame 116 or every 
signals are expected to be normally a logical low ( “ O ” ) or a 60 other serial data frame 116 that is transmitted , while the 
logical high ( “ 1 ” ) . These may be grouped together for remaining status or control signals 90 may be sampled only 
efficiency . Indeed , status or control signals 90 that have been every other or only at some multiple of the serial data frames 
sampled and that are expected to be logical high ( “ 1 ” ) may 116 . 
be inverted using an invert mask ( block 164 ) . This may FIG . 12 is another example of circuitry that may be used 
reduce the power consumption of the serial communication 65 for the serialized status interface . In the example of FIG . 12 , 
because the serial transmitter may send more logical lows serialized status interface transmission circuitry 220 
and fewer logical highs . includes separate multiplexers 222 and 224 for higher 
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priority status or control signals 90 and lower - priority status provide the output from the register 286 to the glitch 
or control signals 90 , respectively . Round - robin control detection register 296 , causing the glitch detection register 
logic 226 , based on a serial load signal 228 from a serial 296 to be set with the glitch state for the remaining duration 
transmitter 230 , may cause the higher - priority signals 90 to of the sample window . The value of D _ CAPTURE may be 
be selected and sampled at a higher frequency than the 5 stored in the serial register . Thus , if there is no glitch in the 
lower - priority status or control signals 90 using selection current status or control signal 90 that is being sampled 
signals 232 and 234 . The round - robin control logic 226 may during the sample window , the serial register 294 receives 
also generate an inversion control signal 235 to control an the normal state of the current status or control signal 90 . 
invert mask 236 and send the selection signal 238 to control However , if any glitch is detected at any point in the 
an invert mask 240 , which may operate in the same manner 10 sampling window , the serial register 294 receives the glitch 
as discussed above with reference to FIG . 7 . A control signal state of the current status or control signal 90 . The serial 
242 may select in a multiplexer 244 whether to provide a register 294 may provide this signal for transmission . 
higher - priority status or control signal 90 or a lower - priority . It may also be beneficial to carefully latch data buses 
status or control signal 90 into the serial transmitter 230 when data buses are being transferred over the IB 18 . For 
using a selection signal 242 . It may be appreciated that a 15 example , as shown by a data transfer block diagram 300 of 
single invert mask may be used instead of the invert masks FIG . 15 , the secondary IC 14 may include logic for a 
236 and 240 shown by being placed between the multiplexer transceiver such as HSSI logic 302 that may receive HSSI 
244 and the serial transmitter 230 . The serial transmitter 230 data signals 304 from external network sources . The HSSI 
may collect and transmit the signals obtained from the data signals 304 may be transferred from the secondary IC 
multiplexer 244 into time slots 118 of serial data frames 116 , 20 14 to the first IC 12 through source - synchronous commu 
in a manner similar to that of the serial transmitter 108 nication using the IB I / O layers 56A or 56B and / or IB 
discussed above with reference to FIG . 7 . protocol layers 58A or 58B . 

It may be valuable to identify when the asynchronous To ensure that the data transfer occurs as desired , the IB 
status or control signals 90 glitch that is , switch from an 1 / 0 layer 56B or the IB protocol layers 58B may operate 
expected value to a different value faster than a sampling 25 according to a flowchart 320 of FIG . 16 . Namely , data 
window . As such , the status or control signals 90 may be signals 304 may be provided at a rate corresponding to a first 
sampled in a way that catches such glitches . For example , as clock signal ( e . g . , " CLOCK ” of FIG . 15 ) or the data signals 
shown by a flowchart 260 of FIG . 13 , for signals that are 304 may be unclocked ( block 322 ) . The data signals 304 
known to glitch within the sampling window , the glitch may be latched on the data bus only when the signal is stable 
state , when it occurs , may be latched between sampling 30 some threshold number of cycles ( e . g . , three cycles ) of a 
( block 262 ) . If the glitch did not occur , then the glitch is not receiving clock ( block 324 ) . When the data signals 304 are 
latched . Instead , the data signal is latched . In either case , the clocked , rather than unclocked , the receiving clock may 
latched signal may be sampled ( block 264 ) and it is this have any suitable frequency that is faster than that of the first 
latched data signal that is read that may be transmitted across clock by some multiple . 
the serialized status interface . After reading the signal , glitch 35 FIG . 17 provides a policy - level block diagram 340 that 
detection logic may be reset ( block 266 ) to await a possible shows an example of circuitry that may be used to carry this 
future glitch that could occur within the next sampling out . The HSSI logic 302 may receive the HSSI data 304 onto 
window . an internal data bus , which may be unclocked or clocked at 

FIG . 14 provides an example of such glitch detection the HSSI clock . Registers 342 or any suitable numbers of 
circuitry 280 on a policy level , representing the type of 40 register 342 may be used to receive the signal at separate 
circuitry that may be used to sample status or control signals steps of a clock faster than the HSSI clock ( e . g . , OSC _ CLK ) . 
90 that are believed to potentially glitch . As shown in FIG . When the outputs of all of the registers 342 are detected to 
14 , the status or control signal 90 may be operating accord be the same in polling logic 344 , the polling logic 344 may 
ing to a local clock signal of one of the IC integrated circuit cause a multiplexer 346 to output the signal to an output 
die , such as the secondary IC 14 . In one example , the 45 register 348 , which may provide a data capture signal 
secondary IC 14 may be an HSSI transceiver . Thus , the ( “ D _ CAPTURE " ) . The polling logic 344 may do so on a 
status signal 90 may be clocked according to the HSSI clock , register load signal ( “ SR _ LOAD " ) 350 from a serial trans 
or may be an unclocked signal . A separate clock 284 may mitter 352 . The serial transmitter 352 may output stable 
read the status or control signal 90 ( e . g . , a serial transmission HSSI data 304 to be transmitted across the IB 18 . In this 
clock “ OSC _ CLK ” ) . When the status signal 90 is a clocked 50 way , the data 304 may be more likely to be stable and 
signal , rather than unclocked signal , the OSC _ CLK may be accurate , even despite slight variations of the HSSI clock . 
faster than the HSSI _ CLK by some multiple . A synchroni - While the embodiments set forth in the present disclosure 
zation register 286 may read the status or control signal 90 may be susceptible to various modifications and alternative 
and provide the signal to a multiplexer 288 . forms , specific embodiments have been shown by way of 

The multiplexer 288 may be controlled by sampling logic 55 example in the drawings and have been described in detail 
290 that receives a register load ( “ SR _ LOAD ” ) signal 292 herein . However , it may be understood that the disclosure is 
from a serial register 294 and determines whether to provide not intended to be limited to the particular forms disclosed . 
the current data signal from the register 286 or a data capture The disclosure is to cover all modifications , equivalents , and 
signal ( “ D _ CAPTURE ” ) from a glitch detection register alternatives falling within the spirit and scope of the disclo 
296 . The glitch detection register 296 may initially reset to 60 sure as defined by the following appended claims . 
a normal , non - glitch state of the status or control signal 90 , What is claimed is : 
which may be a logical high or a logical low depending on 1 . A method comprising : 
the type of status or control signal 90 that is being sampled , sampling a plurality of signals stored in a first parallel 
at the start of a sample window that includes several edges interface on a first integrated circuit die , wherein a first 
of the OSC _ CLK . The sampling logic 290 may compare the 65 subplurality of the plurality of signals is sampled more 
D _ CAPTURE signal to the output from the register 286 . often than a second subplurality of the plurality of 
When these are values different , the sampling logic 290 may signals ; 
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generating a serial signal based on the plurality of signals , time slots of the serial signal and the first plurality of 
wherein the serial signal comprises a first plurality of sampled signals appears more frequently in the time 
time slots that comprise the first subplurality of the slots than the second plurality of sampled signals . 
plurality of signals and a second plurality of time slots 12 . The integrated circuit device of claim 11 , comprising 
that comprise the second subplurality of the plurality of 5 an invert mask that inverts signals of the sampled signals 
signals , and wherein a first number of time slots of the that are expected to be logically high . that are exnected to he 
first plurality of time slots is higher than a second 13 . The integrated circuit device of claim 11 , wherein the 
number of time slots of the second plurality of time serialization circuitry is configured to generate a flag in the 
slots ; and serial signal , wherein the flag indicates whether the plurality transmitting the serial signal . of time slots of a serial data frame of the serial signal is to 2 . The method of claim 1 , comprising : be read by a receiver that receives the serial signal , wherein receiving the serial signal at a second integrated circuit 
die ; the plurality of time slots contain representations of the 

obtaining the plurality of signals based on the serial sampled signals . 
signal ; and 14 . The integrated circuit device of claim 11 , comprising : 

storing the plurality of signals in a second parallel inter a second integrated circuit comprising : 
face on the second integrated circuit die . deserialization circuitry that obtains the sampled sig 

3 . The method of claim 2 , wherein the second parallel nals based on the serial signal ; 
interface is substantially identical to the first parallel inter a second parallel buffer having a second plurality of 
face . 20 buffers ; and 

4 . The method of claim 2 , wherein the plurality of signals a second controller that causes the sampled signals to 
are stored in second buffers of the second parallel interface be stored into the second plurality of buffers , such 
that correspond to equivalent buffers of the first parallel that the second plurality of buffers store the first 
interface . plurality of signals . 

5 . The method of claim 2 , wherein each of the plurality of 25 15 . The integrated circuit device of claim 14 , wherein , 
signals is sampled often enough to appear to be substantially when a flag in the serial signal indicates that all of the 
asynchronous to the second integrated circuit die . plurality of time slots of a serial data frame of the serial 

6 . The method of claim 1 , wherein the first subplurality of signal contain a same value , the deserialization circuitry of 
the plurality of signals has a higher latency sensitivity than the second integrated circuit does not read part of the serial 
the second subplurality of the plurality of signals . 30 signal corresponding to the plurality of time slots and 

7 . The method of claim 1 , wherein the first subplurality of generates the sampled signals corresponding to the plurality 
the plurality of signals is sampled at least twice as often as of time slots as signals that have the same value . 
the second subplurality of the plurality of signals . 16 . The integrated circuit device of claim 14 , wherein the 

8 . The method of claim 1 , wherein the first subplurality of first sampling rate causes the first one of the first plurality of 
the plurality of signals comprises a power on reset ( POR ) 35 signals to be sampled quickly enough and the second 
signal , a phased locked loop ( PLL ) lock signal , or a first - sampling rate causes the second one of the first plurality of 
in - first - out ( FIFO ) underflow signal . signals to be sampled quickly enough that both signals 

9 . The method of claim 1 , wherein sampling the plurality appear substantially asynchronous to the second integrated 
of signals comprises detecting a glitch that occurs in at least circuit . 
one of the plurality of signals within a sampling period in 40 17 . A method comprising : 
which that signal is sampled a first time and a next time . receiving a first signal into sampling circuitry , wherein the 

10 . The method of claim 1 , wherein generating the serial sampling circuitry is clocked to a first clock ; and 
signal based on the plurality of signals comprises applying sampling the first signal using the sampling circuitry , 
an invert mask to the sampled plurality of signals to invert wherein the first signal is sampled over a sampling 
signals that are usually logically high , such that the serial 45 window that includes a plurality of edges of the first 
signal will be at least mostly logically low when all of the clock , wherein the first signal is sampled at least in part 
sampled plurality of signals are at a usual logical level . 

11 . An integrated circuit device comprising : ( A ) detecting a state of the first signal upon a current 
a first integrated circuit comprising : edge of the first clock , wherein the state of the first 

a first parallel buffer having a first plurality of buffers , 50 signal comprises a normal state or a glitch state ; 
wherein the first plurality of buffers stores a first ( B ) storing the state of the first signal into a first register 
plurality of signals ; when the state of the first signal is a glitch state , 

a first controller that causes the first plurality of signals wherein the first register initially stores the normal 
to be sampled , wherein a first one of the first plurality state ; 
of signals is sampled at a first sampling rate to 55 repeating ( A ) and ( B ) over the sampling window ; 
produce a first plurality of sampled signals and a outputting the first register into a sampling register ; and 
second one of the first plurality of signals is sampled resetting the first register to store the normal state . 
at a second sampling rate to produce a second 18 . The method of claim 17 , wherein the glitch state is 
plurality of sampled signals , wherein the first sam - stored when an output of the first register is different from 
pling rate is a higher frequency than the second 60 the detected state of the first signal , wherein the first register 
sampling rate ; and stores the glitch state when the first register is set and stores 

serialization circuitry that generates a serial signal the normal state when the first register is reset . 
based on the sampled signals , wherein the serial 19 . The method of claim 17 , wherein the first signal is 
signal comprises a plurality of time slots , wherein clocked to a second clock , wherein the first clock is faster 
each sampled signal of the first plurality of sampled 65 than the second clock . 
signals and the second plurality of sampled signals is 20 . The method of claim 17 , wherein the first signal 
placed into a respective time slot of the plurality of comprises an unclocked signal . 

by : 
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21 . A method comprising : 
receiving a first signal into sampling circuitry , wherein the 

sampling circuitry is clocked to a first clock ; and 
sampling the first signal using the sampling circuitry , 
wherein the first signal is sampled over a sampling 5 
window that includes a plurality of edges of the first 
clock , wherein the first signal is sampled at least in part 
by : 
detecting a current state of the first signal a defined 
number of times at edges of the first clock ; 10 

latching the first signal when the current state is the 
same for the defined number of times ; and 

outputting the latched signal into a sampling register . 


